Abstract. Diffuse large B-cell lymphoma (DLBCL) forms a heterogeneous collection of aggressive non-Hodgkin's Lymphoma in which three principle classes of neoplasia have been defined according to gene expression and immunophenotyping studies. The present investigation sought to examine the immunophenotype of proposed subgroups and relate these to patient survival. A series of 155 DLBCL treated uniformly with anthracycline therapy in clinical trials, were stratified upon the basis of common biomarker expression with combination immunophenotype being related to patient overall survival. Stratification of tumours with respect to combined expression profiles of the three biological markers (CD10, Bcl-6 and MUM-1) revealed six groups showing significant differences in survival (p=0.014). The greatest difference resided between distinct populations of germinal centre (GC) cell tumours; the first being CD10
Introduction
Diffuse large B-cell lymphoma (DLBCL) represents a heterogeneous group of aggressive non-Hodgkin's lymphomas (NHL) accounting for about 40% of such tumours (1) .
Management of DLBCL presents an ongoing problem, with therapy centring upon variations of anthracycline-based combination chemotherapy the most common forms being variations on the 'CHOP' regime. Core therapy has been augmented by intensification regimes, autologous bone marrow and stem cell transplantation protocols. Treatment response, however, has been improved considerably in resent years by the additional application of the CD20-specific monoclonal antibody Rituximab (R). This R-CHOP regime represents the present optimal management regime for DLBCL. However, despite these advances, long-term survival still remains poor and many patients relapse failing to respond to either primary or supplementary therapies.
Direction of therapy and prediction of outcome at the time of presentation remains difficult and is, in the greater part, still dependent upon the 'International Prognostic Index (IPI)', proposed in 1993 (2) . The IPI is based on five clinical features known to be risk factors in DLBCL (age, tumour stage, serum lactate dehydrogenase concentration, performance status and number of extra-nodal disease sites). This however, retains a considerable degree of subjectivity and substantive efforts in research have been directed towards the ultimate improvement of this index and/or towards the definition of alternative methods, which may be used to evaluate risk and clinical outcome. Toward this end, many studies have sought to qualitatively, quantitatively or semi-quantitatively assess the impact that evaluation of expression of a variety of biological markers may have upon these objectives (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . The most extensive of these studies have analysed genome wide RNA expression, utilising cDNA micro-arrays. Attaining intra-laboratory reproducibility, defining consensus of panels of prognostically significant biomarkers, has proven a difficult task. However, array-based studies have reinforced the definition of three broad groups of DLBCL based upon characteristic expression profiles; these have been related to 'germinal centre (GC) cell', 'activated B cell (ABC) or nongerminal centre cell (NGC)' or primary mediastinal lymphoma (PML) phenotypes.
Currently, a number of proteomic-based studies have sought to corroborate and supplement the findings of arraybased studies. Much of this work has employed immunohistochemical studies of protein expression, in sections of formalin-fixed paraffin wax-embedded tissue. Algorithms defining groups of patients presenting significant differences in survival have been developed, by considering expression of principally three proteins, namely: the neutral membrane metallo-endopeptidase: CD10, the cellular oncogene Bcl-6 and the B cell differentiation marker multiple myeloma oncogene MUM-1/IRF-4. These algorithms have proposed a simple means of defining GC and ABC subsets, potentially predicting tumour behaviour and patient prognosis at the time of diagnosis. However, given the variability of the projected prognostic significance of CD10 expression in these tumours, the present study reviewed the efficacy of these current algorithms with respect to predicting patient prognosis. Furthermore, we sought to assess the contribution of expression of two anti-apoptotic proteins, IAP-4 and Bcl-2, in stratification of DLBCL. It is hoped that ultimately, the growing body of evidence from such studies may help more clearly define factors which may augment current means of stratifying DLBCL. In addition, they may also aid in determining prognosis and prediction of resistance to combination chemotherapy thereby facilitating more robust risk stratification and improved patient management.
Materials and methods
Study population. A cohort of 155 patients was drawn from 436 patients originally enrolled in trials implemented by the Scottish and Newcastle Lymphoma Group and diagnosed with DLBCL. Diagnosis was based upon Revised EuropeanAmerican Lymphoma (REAL) criteria (17) . Patients received treatment in the form of conventional 'CHOP' combination chemotherapy, in line with trial protocols.
Of the patient cohort, 73 (47.1%) were female and 82 (52.9%) were male. Patient age range varied from 16 to 79 years with a mean age at diagnosis of 53.46 years (SD ±13.8 years). Of the entire cohort, 87.1% presented with tumours of primary nodal origin and 12.9% extra-nodal origin. The mean survival time, irrespective of the treatment, was only 63.14 months from the time of diagnosis. For the patients who had complete IPI data, 35.4% were assigned to the low risk group, 30.8% to the low intermediate, 29 .2% to the high intermediate and 4.6% to the high-risk group. At the close of the trials, 63.2% patients had died, 35.5% remained alive and 1.3% were censored as they had either left the trial or died of causes other than DLBCL.
Tissue sections. All tissue samples were fixed and embedded in accordance with standard laboratory protocols. Subsequently, 3 μm tissue sections were mounted on Super-frost plus slides. Two Haemato-pathologists independently examined H&E stained tumour sections, critically reviewing each case and assigning diagnosis.
Immunohistochemistry (IHC).
Tumour sections were stained with monoclonal antibodies against: CD10, Bcl-6, Bcl-2, IAP-4 and MUM-1. Immuno-staining with CD10, Bcl-6, Bcl-2 (Novocastra Laboratories, UK), MUM-1 (Dako Laboratories, UK) and IAP-4 (JJA) (18) , was performed in accordance with standard immunohistochemical protocols utilising predetermined optimal primary antibody concentrations, SAB detection, and 3'3'-di-aminobenzidine tetra-hydrochloride (DAB) as chromagen. Dual immunostaining with analyte specific antibody/CD79a pan B cell-specific antibody was performed in a similar fashion, using a Ventana Benchmark™ System (Ventana Medical Systems, Tucson, AZ). However, in 'double staining procedures', iView DAB' chromagen, which in all other cases was used to detect the primary target analyte (CD10, Bcl-6, Bcl-2 IAP-4 and MUM-1) was used to detect binding of CD79a antibody to its membrane associated target, while the 'Enhanced Ventana Red Alkaline Phosphatase' detection system was employed to visualise nuclear bound antibody. In all runs, tonsil sections served as controls.
Scoring. In analyses of IHC results 'cut-off points' defining the positivity of individual analytes were established based upon scoring systems in which 250 cells were examined and graded and the percentage of cells staining was recorded: no staining was graded as negative, while significant staining was graded on an ascending three point scale (1-3). The cut off point defining positivity of tumour expression of CD10, Bcl-6 and Bcl-2 was set as 1+ staining being evident in 20% or more of tumour cells examined, consistent with published studies. MUM-1 expression in tumours was considered positive when 40% or more of cells showed evidence of nuclear staining. Thus, in each of the above groups, 'negative tumours' defined in this fashion can be more accurately considered as low expression groups, rather than categorically negative. IAP-4 tumour expression was optimally defined applying a scoring system analogous to that of the Detre system. This gave a range of values between 1 and 300, with a median value of 150. Thus, two groups of tumours were defined and distributed either side of the median. Finally, in Ki-67 expression, high expression was considered as ≥95% of cells showing significant staining. Scoring was again carried out independently by two observers and disparities resolved by discussion.
Statistical analysis. Survival analyses were performed using both the univariate Kaplan-Meier (KM) method (19) (Fig. 1) .
Immunohistochemical staining and confirmation of B cell homogeneity of examined lymph nodes. Immunostaining with each of the primary antibodies applied in this study, in conjunction with the 'Ventana iView DAB chromagen', is shown in Fig. 2A -F. Sections of DLBCL revealed sheets of tumour cells, which morphologically appeared 'homogeneous'. To help ensure that these 'homogeneous' cell sheets were predominantly B-cells, subsets of samples were double stained using CD79a pan B cell-specific antibody, as well as other analyte specific antibodies. An example is given in Fig. 2G , which demonstrates dual staining achieved with CD79a and MUM-1 specific antibodies. In every instance, tumour cells were found to express cell membraneassociated CD79a, while a variable percentage of tumour cells presented nuclear MUM-1 staining. However, and importantly, although CD79a 
CD10 and Bcl-6 immunostaining applied in defining
Germinal Centre (GC) phenotype to predict patient prognosis and management. Considering CD10 and Bcl-6 expression together, as the once conventional classical defining criteria of GC phenotype, 53 tumours were shown to possess this phenotype (either CD10 + Bcl-6 + or CD10 + Bcl-6 -), while 93 proved to be of the classical NGC phenotype (either CD10 -Bcl-6 + or CD10 -Bcl-6 -). Based upon this break down of our population, it was evident that GC cell phenotype, defined and weighted essentially by CD10 positivity, in this instance acted as an indicator of poor prognosis. Those patients with GC type tumours displayed significantly reduced median survival time of 24 months when compared with the remaining patients with NGC tumours who presented a median survival time of 84 months (KM; p=0.0164).
Immunophenotyping applied in decision/prediction algorithms. Application of CD10/Bcl-6/MUM-1 algorithms and proposal of a third algorithm weighted on survival. Two 'decision algorithms' defining cell phenotype and projecting patient prognosis have to-date been proposed by individual research groups ( Fig. 4A and B) (10, 21) . Applying the first of these algorithms (Algorithm A) to our cohort: tumours of 53 patients (33.7%) presented the GC-CD10 + phenotype, 51 (33.37%) the GC-CD10 -Bcl-6 + MUM-1 -phenotype, 25 (16.5%) the NGC/ABC-CD10 -Bcl-6 + MUM-1 + phenotype and 22 (14.56%) the NGC/ABC-CD10 -Bcl-6 -phenotype. A significant difference was observed between the long-term survival of these groups (KM; p=0.0088) (Fig. 5A ). Most markedly, the two GC cell groups defined by this algorithm showed distinctly different prognoses (KM; p=0.0026 analysis being performed pair-wise between strata). Patients whose tumours were CD10 + showed extremely poor survival, with a median survival time of 24±8.64 months. In contrast, patients + GC group, presenting a median survival time of 27±10.62 months (KM; p=0.9818), while those patients whose tumours showed neither expression of CD10 nor Bcl-6 presented a median survival time of 58 months.
Applying the second widely cited algorithm (Algorithm B: Fig. 4B ) to our cohort, again indicated overall a significant difference in survival between defined groups of patients (KM; p=0.0049) (Fig. 5B) . Once more, two apparently distinct groups of GC B cell-like tumours were clearly apparent (KM; P=0.0023). The first being the CD10 + group described previously showing rapid decline, and a second group However, it was notable that no significant difference was apparent between the survival of the NGC/ABC group and that of the CD10 + GC cell group (KM; p=0.6483). As would therefore be predicted, survival of this NGC/ABC group also proved significantly different from that of patients with CD10
-MUM-1 -GC tumours (KM performed pair-wise between strata; p=0.0125) (Fig. 5B) . This data further supported the prognostic power of MUM-1 expression, particularly in the apparent absence of CD10 expression.
The need to consider each potential IHC phenotype closely led us to propose a third algorithm (Algorithm C), inclusively classifying tumours with respect to expression profiles of all three widely applied biological markers (i.e. CD10, Bcl-6 and MUM-1). Theoretically, this could potentially define eight groups. In practice, six groups were apparent (Fig. 5C ). All CD10 + tumours proved to be Bcl-6 + , reenforcing their classification as GC cell tumours. No CD10 + Bcl-6 -tumours were identified. Applying KM survival analysis, utilising the LR test pooled across the strata (six groups), (Fig. 4C) . Kaplan-Meier analysis (Fig. 5D) showed a strong significant difference between the survival of these groups (KM with LR pooled over the strata, p=0.0036). Clearly the greatest difference lay between good and poor prognosis groups, where the LR value was equal to 10.47, equating with a p-value = 0.0012. Those patients exhibiting poor prognosis presented CD10 + Bcl-6 + GC tumours as well NGC/ABC tumours which were Bcl-6 + MUM-1 + but CD10 -. Among these patient groups, median survival time varied between 11 and 32 months with a combined median survival time of 27 months. Tumours from patients exhibiting 'intermediate' survival appeared to comprise those lymphomas defined as NGC/ABC and ABC tumours, which were both CD10 -and Bcl-6 -irrespective of their MUM-1 expression status. Independent median survival times in these groups varied between 54 and 58 months, while their combined overall median survival time was 56 months. Finally, optimum long-term survival was observed in those patients whose tumours were defined as comprising GC cells, which were Bcl-6 + but expressed neither CD10 nor MUM-1. This group of patients showed an overall survival time of 143 months, representing in excess of a 10-fold increase in survival time over those patients whose tumours showed expression of Bcl-6, CD10 and MUM-1.
Differentially defined Germinal Centre (GC) tumour subgroups and expression of the anti-apoptotic proteins; BCL-2 and IAP-4.
Bcl-2 and IAP-4 were each found to be two of the three individual biomarkers most strongly associated with patient survival (Fig. 3) . Co-expression of these analytes enhanced their individual predictive power. Kaplan-Meier analysis across the strata indicated a significant difference between the four defined subgroups (Fig. 6A) (p=0.0027) , while analysis between individual strata indicated that median survival time declined progressively with expression of IAP-4 and Bcl-2. Patients with Bcl-2 -IAP-4 -tumours displayed a median survival time of 140 months. However, this was reduced in patients with Bcl-2 -IAP-4 + tumours to 37 months (p=0.0202), in those with Bcl-2 + IAP-4 -tumours to 30 months (p=0.0101), and finally in those with tumours co-expressing Bcl-2 and IAP-4 to only 14 months. This represented a strong association of co-expression with poor clinical prognosis when compared to expression of either marker alone (p=0.0005).
Among all tumours presenting a GC phenotype, Bcl-2 expression was again associated with reduced patient survival (LR pooled across strata; p=0.0071) (Fig. 6B) .
Within the poor prognosis (PP)-GC group, median survival was further reduced from the composite median of 24 months to only 15 months. Conversely, median survival in patients with Bcl-2 -PP-GC tumours rose to 29 months. Within the good prognosis (GP)-GC group, patients whose tumours were Bcl-2 + displayed a median survival of 36 months, clearly delineating them from their Bcl-2 -counterparts (median survival = 143 months). Analysis of IAP-4 expression in GC tumours once more revealed significant survival differences between subgroups (p=0.0078) (Fig. 6C) . Within the PP-GC sub-population, IAP-4 + expression was again associated with reduced median survival time (13 months). Comparatively, patients with GP-GC IAP-4 + tumours presented a median survival time of 64 months, while their IAP-4 -counterparts displayed a median survival time of 122 months. Unfortunately, restricted sample numbers precluded meaningful analysis of co-expression of Bcl-2 and IAP-4 in the defined GC subgroups.
Differentially defined GC subgroups and additional clinical parameters. No significant difference was apparent in survival, within GP-GC and PP-GC tumour subgroups when segregated on the basis on nodal or extranodal presentation. Similarly, age at presentation, which was clearly an indicator of prognosis across the entire cohort, (p=0.003, patients ≥60 median survival of 16 months c.f. <60 median survival of 86 months), remained a significant indicator of prognosis within both the defined GC cell groups (p=0.0004). Age appeared of greater prognostic strength within the GP-GC group (p=0.007: median survival time patients ≥60 = 36 months c.f. <60 =124 months) as compared to the PP-GC group (p=0.034: median survival time patients ≥60 = 12 months c.f. <60 = 32 months).
Discussion
Many studies have sought to evaluate the potential of a wide variety of proteins as objective biomarkers in DLBCL, applying immunohistochemical techniques. Candidates have included cell cycle regulatory molecules, lymphokines and cytokines, differentiation associated markers, apoptosis-related gene products, growth regulatory and growth signal responsiveness molecules, as well as molecules involved in tissue invasion and tumour angiogenesis (22) . Key molecules have been documented as central players in the genesis and progression of DLBCL, especially those whose expression and/or activation is governed directly as a result of 'pathologically' significant chromosome translocation or somatic mutation. Such normally tightly regulated products include the oncogene/transcriptional repressor Bcl-6, the anti-apoptotic protein Bcl-2 as well as the pro-proliferative oncogenic transcription factor c-Myc. Expression of each may be ameliorated by translocation and mutational events, occurring during maturation of the immunoglobulin gene locus.
The current investigation of the application of IHC immuno-profiling of DLBCL in the pre-retuximab era indicated surprisingly, that Bcl-6 over-expression did not appear to relate to clinical prognosis. This was somewhat unexpected, given the role of this product in germinal centre development, affinity maturation, and its ability to interact differentially with different co-factors regulating distinct biological pathways (23) . However, IHC studies reporting both negative and positive associations of BCL-6 expression with overall patient survival have been published (7, 24) . Similarly, in our cohort Ki67 also failed to show any association with clinical outcome. Once more however, reports vary with respect to the relationship of IHC assayed Ki-67 over-expression and patient overall or event free survival. In contrast, tumour expression of high levels of anti-apoptotic proteins Bcl-2 (p=0.0025), IAP-4 (p=0.0128) or MUM-1 (p=0.0116) each appears to be an effective independent indicator of poor clinical prognosis in DLBCL. This confirms the results of other studies in similar populations (3, 4, 7, 10, 21, (24) (25) (26) (27) (28) . In classifying DLBCL immunohistochemically, a key marker of stratification is expression of the CD10 neutral endopeptidase. Within our cohort, findings indicated that positive expression of CD10 was associated with poor median survival time (60 months) as well as longterm overall survival (p=0.0203). A number of studies have demonstrated such an association between CD10 expression and reduced patient survival (26, 29) , although patient numbers in these studies have often been relatively small. In contrast, various other reports have shown CD10 expression to be associated with improved rather than reduced overall survival (10, 14, 29) . Thus, our findings add to the controversy regarding the prognostic significance of CD10 per se, its cellular role and definitive validity as an independent prognostic marker. Whilst the search for definitive individual IHC markers of prognosis in DLBCL has often yielded conflicting population dependent results, specific IHC algorithms stratifying these tumours upon the basis of expression of multiple proteins have met with greater success and acceptance. The most prominent of these IHC models/algorithms sub-classify DLBCLs upon the expression of a discrete number of proteins, including Bcl-6, CD10 and MUM-1 (10, 21) . Each defines tumour 'germinal centre cell phenotype' as being associated with improved overall or event free survival. Conversely, an activated B cell tumour immunophenotype has been associated with reduced survival and poor clinical prognosis. Our data indicated that the GC phenotype as defined conventionally, using CD10 positivity as the primary defining criterion, does not always identify those patients with DLBCL who are at lowest risk of disease progression. This is illustrated by applying 'decision algorithms A and B' to our data. In each instance, in our cohort, the GC phenotype (CD10 + ) was associated with poor clinical prognosis. This led us to propose a third decision algorithm, which distinguishes and defines two apparently distinct groups of GC-like tumours; namely those phenotypically presenting as CD10 + PP-GC tumours (either: CD10 + , Bcl-6 + , MUM-1 -or CD10 + , Bcl-6 + , MUM-1 + ) and those presenting as GP-GC tumours (CD10 -Bcl-6 + MUM-1 -). The former PP-GC group of patients showed median survival times of only 11-32 months, as compared to 143 months by the latter group. Thus, the phenotype of the GC cell tumour population that corresponds with the population that presents the least prospect of rapid disease progression is defined as CD10 -Bcl-6 + MUM-1 -. Although two groups of GC like tumours were defined a degree of heterogeneity with respect to survival remained apparent within the PP-GC group. This heterogeneity reflected later stage differentiation. Although all PP-GC tumours expressed both CD10 and Bcl-6 those which also expressed MUM-1 were associated with the poorest overall survival. The median survival time observed in this subgroup is almost one third as long as that observed among PP-GC patients presenting tumours which failed to express MUM-1 (11 months c.f. 32 months). This observation supports the concept that MUM-1 is a key transcription factor potentially associated with lymphoma-genesis and tumour progression. This involvement in turn is reflected in patient survival and data supporting this hypothesis, describing downstream MUM-1 targets and MUM-1 polymorphic phenotype, is accumulating from studies of a variety of lymphoid neoplasms. These include investigations targeting lympho-plasmacytic lymphoma, primary effusion lymphoma and multiple myeloma. Bcl-6 + MUM-1 -immunophenotype defined a group of patients who exhibited truly good long-term prognosis. Optimal longterm survival of this subgroup of tumours was also borne out by algorithms A and B, with the extremes of survival being marked by distinct groups of GC cells displaying opposing survival characteristics. However, the features of the intermediate prognosis group were not so clearly defined by either accepted algorithm. It is interesting to note that classical ABC tumours, considered to be associated with poor prognosis, display low Bcl-6 expression and increased NF-κB activation (30) . In comparison, we observed that ABC and NGC/ABC tumours displaying intermediate survival in our cohort did indeed exhibit low Bcl-6 expression. However those NGC/ ABC tumours displaying worst survival, and grouped together with PP-GC cells, displayed high Bcl-6 expression. This may reflect their preferential activation, but also the potential lack of mutual exclusivity of activation of separate oncogenic pathways in ABC and GC DLBCL cells.
In conjunction with the description and derivation of the IAP-4 specific antibody employed in this study, we have described the importance of the anti-apoptotic protein IAP-4 and Bcl-2 expression in DLBCL (18) . Furthermore, we have reported the observation that IAP-4 expression augmented the independent predictive power of Bcl-2 expression in these tumours. In considering the present cohort, expression of Bcl-2 or IAP-4 was significantly associated with reduced survival, in both the defined GP-GC and PP-GC sub-populations. This strengthens observations made independently utilizing commercial IAP-4 specific antibodies (3, 28, 31) . These indicated, that although tumour IAP-4 expression predicted poor survival in DLBCL, this association did not attain significance when GCB and NGCB tumour subgroups were considered independently (28) . Such differences may reflect the inconsistency of 'cut off points' applied to define tumour positivity in separate studies, although equally, they may reflect the specificity and spectrum of IAP-4 isoform reactivity of different antibodies. The specificity of the antibody utilized in the present study was confined primarily to the 92Kd anti-apoptotic isoform of IAP-4 (18) . These antibodies may be reactive with a broader spectrum of survivin protein isoforms than the antibody employed in the present study, which preferentially recognised the full length anti-apoptotic protein isoform (18) . Further expansion of our analysis to explore the prognostic significance of co-expression of both IAP-4 and Bcl-2 in tumour sub-populations was prohibited by virtue of restricted patient numbers. However, trends were evident which support the concept that the balance of antiand pro-apoptotic protein expression may be germane in assembling useful IHC prediction/management models in DLBCL. This suggestion is supported by the observation that resistance to chemotherapy in DLBCL may be linked to upregulation of anti-apoptotic NF-κB regulated genes, including Bcl-2 and XIAP. The potential importance of investigating such approaches to DLBCL sub-classification has been highlighted in recent publications, which have addressed this subject (32, 33) . Specific IAP proteins (cIAP1, cIAP2 and XIAP) have been shown to be differentially regulated in a variety of lymphomas, including DLBCL. In studies of the apparent disparate responsiveness of patients with GC and ABC tumours to combination chemotherapy, three groups of DLBCL were defined upon differential expression of apoptosis related genes (ARG). Of the three ARG groups, two were shown to display poor clinical prognosis: i) an activated apoptosis cascade (AAC) group, presenting evidence of activation of the caspase 9 intrinsic cascade, together with evidence of downstream interference of this same cascade and ii) a cellular cytotoxic response group presenting evidence of activation of the caspase 8 linked death receptor cascades. The third group displaying optimum prognosis was characterised by virtue of lack of expression of those genes characteristic of the other two groups. This definition of good (group iii) and poor prognosis (group ii and i) subsets of DLBCL, agreed only in part with conventional GC and ABC, even though great care was taken in defining GC/ABC grouping utilising a 27 gene predictor model adapted from original discriminatory gene signatures proposed in 2003 (34) . This supports the suggestion that clinical prognosis may not simply map to GC/ABC classification.
In the search for a means of predicting management strategies for patients with DLBCL, the identification of a single or simple combination of markers may remain elusive. Although, multiple factor models of profiling have been developed and are evolving towards use in the progressive diagnostic laboratory. Currently, such gene expression and modeling systems have produced key expression signatures. These have been honed to incorporate manageable subsets of 13 to 21 vital analytes defining GC-like and ABC-like gene signatures that predict survival in response to combination chemotherapy (35) (36) (37) (38) . Initially, these signatures appeared somewhat cohort-specific, displaying a lack of consensus. However, further extension of this approach and improved experimental design and standardisation has led to the proposal of a six-gene model able to augment the power of the IPI (LMO2, BCL-6, FN1 gene expression being associated with good clinical prognosis while CCND2, SCYA3 and BCL-2 with poor prognosis) (12) . Notably, this model has since been validated in the post-retuximab era (39) . The continued evolution of knowledge elucidating the diversity of biology of DLBCL will undoubtedly supplement the ability to establish objective signatures, confirmed by functional studies, which may augment or even supersede both the revised and conventional IPI.
Regardless of advances in automation and standardisation, more sophisticated testing and profiling analyses, despite their power, may for a little while, at least, not see general application in regional and district pathology units. Thus, emphasis may remain on the algorithms, which may be applied routinely in less specialized units utilising relatively conventional IHC techniques. Therefore, if the goal of such a broadly applicable, truly directive yet simple index is to be achieved, studies must be rationalized and standardized rigorously. Notwithstanding the inherent difficulties, attempts are now being made to meet and resolve these problems, unifying techniques and standardising operating procedures. The magnitude of this task ahead, however, has been noted in recent studies performed by the Luenenberg Lymphoma Biomarker Consortium. This work has highlighted the 'variable results and poor reproducibility' of data generated in major laboratories applying semi-quantitative IHC in order to sub-classify DLBCLs (25) . However, continuation of this work, combining resources from multiple international trials has defined eight IHC analytes, including Bcl-2 and MUM-1, which proved of greatest predictive potential in the present study, but also including Bcl-6, CD5, HLA-DR, Ki-67 and CD10. Together it has been proposed that these markers may contribute to a newly proposed 'biological IPI'. However, the robustness of these markers does appear to vary between CHOP and CHOP-R treated patients (40) . In the latter group, only BCL-2 and CD-5 were found to fully maintain their predictive power. Thus, it is important to continue this work and appraise the validity of potential biomarkers from the pre-and post-retuximab eras in order to establish a robust and universally applicable 'biological' index.
